Bioengineering the infarcted heart by applying bio-inspired materials.
Induction of cardiac muscle regeneration following myocardial infarction (MI) represents a major challenge in cardiovascular therapy, as the current clinical approaches are limited in their ability to regenerate a new muscle tissue and to replace infarcted myocardium. Here, we describe the conception of two strategies based on bio-inspired materials, aimed at myocardial repair after MI. In the first strategy, alginate biomaterial was designed with affinity-binding moieties, enabling the binding of heparin-binding proteins and their controlled presentation and release. The combined features of this unique alginate hydrogel, as a temporary extracellular matrix replacement and a depot for bio-molecules such as insulin-like growth factor-1 and hepatocyte growth factor, led to improvements in cardiac structure and function, as demonstrated by the biomaterial's abilities to thicken the scar and prevent left-ventricular remodeling and dilatation. Endogenous regeneration occurring at the infarct as manifested by the enhanced angiogenesis, cardiomyocyte proliferation, and appearance of cardiac-related stem cells is likely to have contributed to this. In the second strategy, phosphatidylserine (PS)-presenting liposomes were developed to mimic apoptotic cells bodies, specifically their capability of immunomodulating activated macrophages into anti-inflammatory state. In a rat model of acute MI, targeting of PS-presenting liposomes to infarct macrophages after injection via the femoral vein was demonstrated by magnetic resonance imaging. The treatment promoted angiogenesis, the preservation of small scars, and prevention of ventricular dilatation and remodeling. Collectively, the two bio-inspired material-based strategies presented herein represent unique and clinical accessible approaches for myocardial infarct repair.